Hydroxyproline is a specific amino acid contained in collagen, and hydroxyproline content in collagen is roughly constant in mammals (Neuman and Logan 1950; Chvapil 1967) . Chemical determination of hydroxyproline content, therefore, makes it possible to estimate collagen within heart muscle.
There have been several reports on chemical determination of hydroxyproline content in heart muscles (Oken and Spann et al. 1971) . Although most of investigators have mentioned that hydroxyproline content in a unit heart weight is not influenced by age, results were not all agreed in hvnertronhic heart muscle.
The authors (1975) have reported that in the histometrical estimation, scar tissue in the heart muscle was increased in proportion to an increase in heart weight, especially in the endocardium of the left ventricle. This is to report on hydroxyproline content in human heart muscle in order to know whether hydroxyproline content increases in proportion to heart weight or not. Specimens were obtained from the anterior wall of both ventricles as soon as possible at autopsy and the epicardium and endocardium were removed. Left ventricular specimen was divided at a midplane into epicardial and endocardial portions. Each specimen was minced and homogenized by a glass homogenizer and lyophilized.
Hydroxy proline was extracted from the lyophilized material in the following way: Thirty mg of lyophilized material was placed in a flask and 30 ml of 0.2 M NaCl solution was added and stirred for 24 hr. After centrifugation (8000 rpm, 30 min), the supernatant was obtained, and this was designated as neutral salt (NaCl) soluble fraction.
To the sediment, 30 ml of 5% trichloroacetic acid solution was added and again stirred for 24 hr. Similarity, the supernatant was designated as acid (TCA) soluble fraction.
This sediment was washed out by water and centrifuged (2000 rpm, 30 min) and the supernatant was discarded to make the remainder to be 2 ml. This remainder was designated as residue fraction. Pure hydroxyproline was dissolved in water to make the standard solutions. Mean values of hydroxyproline content in each fraction of both left and right ventricles in all cases were shown in Table 3 . There were no significant differences between mean hydroxyproline contents in the epicardial part and in the endocardial part of the left ventricle, or between mean hydroxyproline contents in the left ven tricle and in the right ventricle. Mean values of hydroxyproline content in each frac tion in both the left and right ventricles were classified into cardiovascular and renal disease group, malignant disease group and miscellaneous disease group (Table 4) . There were no significant differences in the mean hydroxyproline content in each fraction among 3 groups.
There was a significant correlation between total hydroxyproline content per 1 mg of lyophilized material (dry weight) of the left ventricle and heart weight (r = 0.48, p < 0.01) (Fig. 1 ). There were also significant correlations between total hydroxyproline contents in the epicardial and endocardial parts of the left ventricle and heart weight (Figs. 2, 3 ). The correlation coefficients were 0.38 (p< 0.01) in the former and 0.47 (p<0.01) in the latter. As to the fractionated hydro xyprolines, there were significant correlations between mean hydroxyproline contents in the NaCl soluble fraction and TCA soluble fraction of the left ventricle and heart weight (Figs. 4, 5) . The correlation coefficients were 0.40 (p<0.01) in the former and 0.31 (p<0.05) in the latter. As to hydroxyproline content in the endocardial part, there were significant correlations between hydroxyproline contents in the NaCl soluble fration and in the TCA soluble fraction and heart weight (Figs. 6 (p<0.05) in the latter. As to hydroxyproline content in the epicardial part, there were no significant correlations between hydroxyproline content in the NaCl soluble fration or the TCA soluble fraction and heart weight. As to the residue fraction in the left ventricle, there were no significant correlations between hydroxyproline content in the epicardial or endocardial part and heart weight.
In the right ventricle, there were no significant correlations between total hydroxyprcline content, hydroxyproline content in the NaCl soluble or the residue fraction and heart weight, but there was a significant correlation between hydro xyproline content in the TCA soluble fraction and heart weight (r=0.36, p<0.05) (Fig. 8) .
DISCUSSION
There have been several studies on hydroxyproline content in heart muscle. Oken and Boucek (1957) determined collagen contents of normal human hearts and diseased hearts, and reported that right ventricles and atria had significantly higher concentration of collagen than left ventricles and atria, the atria contained as twice as much collagen than ventricles, and only 2 out of 14 hearts with significant degrees of hypertrophy showed an increased concentration of collagen in the left ventricle.
Montfort and Perez-Tamayo (1962) analyzed collagen content in left ventricular muscle in normal and pathologic human hearts and mentioned that the ratio between muscle and collagen in tissue remains constant despite variations in age, sex, heart weight, and pathologic process.
On the other hand, contrary results were found in experimental cardiac hypertrophy to hypoxia and physical stress, and studied the ratio between the growth of muscle and the growth of collagen in the heart. Their findings were of great interest: In cardio megaly induced by sideropenia and by thyroxine, the growth of muscle was not accompanied by the growth of collagen. Exposure to hypoxia or isoprenaline ad ministration caused only an increase of the growth of collagen in the hypertrophic heart.
In all other forms of cardiomegaly, both muscle and collagen formations were stimulated to the same extent. Buccino et al. (1969) and Spann et al. (1971) have produced experimental right ventricular hypertrophy in cats by constricting the pulmonary artery, and found that hydroxyproline content was significantly higher in the epicardium than in the endocardium in normal and hypertrophied ventricles and it was significantly higher in the right ventricular specimens than in corresponding left ventricular specimens. They have concluded that the connec tive tissue participated in hypertrophic process of heart muscle, and, in fact, in creased more than muscle protein.
Our present study shows that there are no significant differences between mean hydroxyproline contents in the epicardial and endocardial parts of the left ventricle, or between mean hydroxyprolines in the left and the right ventricles. Neither are found any significant differences in the mean hydroxyproline content in each fraction among 3 different disease groups. These results support most of the findings of Oken and Boucek (1957) and Montfort and Perez-Tamayo (1962) , except for a higher concentration of collagen in the right ventricle. Furthermore, it is now clear that total hydroxyproline content per mg of lyophilized material of the left ventricle increases in proportion to heart weight. This indicates that total collagen increases in proportion to the increase of heart weight, which supports the findings of Buccino et al. (1969) , Bartosova et al. (1969) and Spann et al. (1971) . Especially our study reveals that not only total hydroxyproline content but also hydroxyproline contents in the NaCl soluble and TCA soluble fractions are increased either in the epicardial or endocardial part of the left ventricle or in the right ventricle. Our findings show that in the left ventricle, the NaCl soluble hydroxyproline content is increased more proportionally than the TCA soluble hydroxyproline content, especially in the endocardial part. These facts suggest that new collagen with loose bridging is formed in the endocardium of the left ventricle at first.
The authors (1975) have shown histologically that scar tissue in the heart muscle increases in proportion to heart weight, and the increase in scar tissue is most pronounced in the papillary muscles, followed by the endocardial part and epicardial part of the left ventricle. Chemical determination of hydroxyproline content in the heart muscle seems to be well consistent with histometrical estimation of scar tissue in human hypertrophied heart muscle. Contradictory to experimental findings of Buccino et al. (1969) and Spann et al. (1971) , both histometrical estimation of scar tissue and chemical determination of hydroxy proline content in human heart muscle show that collagen increases more in the endocardium than in the epicardium of the left ventricle.
The possible relationship of the increased collagen concentration to the reduc tion in the mechanical performance of the hypertrophied and failing ventricle does not appear to be so simple. Spann et al. (1971) stated that the contractile force per unit cross-sectional area of hypertrophied and failing heart muscle is reduced 50-75% below normal values, whereas the increased collagen concentration still represents only 3.3% of the total mass of the ventricle compared to a normal value of 2.4%. They have concluded that the reduced contractile performance of right ventricular cardiac muscle in cats with right ventricular hypertrophy and heart failure due to pulmonary artery constriction cannot be attributed to any significant degree to replacement of contractile elements by connective tissue com ponents.
The right ventricular weight is 11.5-12.2 of heart weight (Fulton et al. 1952 ) and it is less contributory to an increase in heart weight. It is, however, found that the TCA soluble hydroxyproline content in the right ventricle increases with heart weight. Similarly, Buccino et al. (1969) and Spann et al. (1971) found the striking increase in collagen content in the nonstressed free wall of the non hypertrophied left ventricle. These confusing facts cannot be well explained at present.
